Saccharide analyses have been one of the most important research themes in the fields of analytical chemistry, biochemistry and medicine.
Experimental
All reagents used were commercially available or special grade. Ion-exchanged water was distilled for use. D-Maltose, Dglucose, D-mannose, D-xylose, D-erythlose, and TCPO were purchased from Wako Pure Chemical Industries, Ltd. 8-Aminonaphthalene-1,3,6-trisulfonic acid (ANTS), 4-amino-5hydroxynaphthalene-2,7-disulfonic acid (AHNS), and 5-amino-2-naphthalenesulfonic acid (ANA) were purchased from Molecular Probes.
Acetic acid (14 µl) and 1 M sodium cyanotrihydroborate (50 µl) were added to 0.1 M ANTS aqueous solution (185 µl). To each solution was added one of several concentrations of saccharide aqueous solution (250 µl). The mixture solution was heated at 90˚C for 60 min, and then diluted with a migration buffer solution as needed.
A CE-CL detector similar to that reported in the previous paper 8 was used for the present study. A fresh fused-silica capillary tube (50 µm i.d., 50 cm length) was treated with 1 M sodium hydroxide for 30 min and then washed with distilled water. A migration buffer solution (10 mM carbonate; pH 9.0) was treated by a filter and degassed for use. The capillary tube was filled with the buffer solution in advance. The sample solution (ca. 10 nl) was directly introduced into a capillary tube of positive electrode side for 10 s from 30 cm height by siphoning. A high voltage of 10 kV was applied to the electrodes using a DC power supplier (Model HCZE-30PNO. 25, Matsusada Precision Devices Co., LTD.). The detection cell was a 500 µm i.d. Teflon tube, which was covered with black Tygon-tape and had a 8 mm detection length in front of a photomultiplier (Hamamatsu Photonics Co., LTD. R-464). A CL reagent solution (1 mM TCPO acetonitrile solution of 40 ml + 30 wt% H2O2 aqueous solution of 235 µl) was fed at a rate of 30 µl min -1 by a pump (TOSOH Co., LTD., CCPD); it was mixed with the eluate at a tip of the capillary tube. The resulting CL was detected by a photomultiplier, measured by a photon counter (Hamamatsu Photonics Co., LTD. C1230), and treated by an integrator (Shimadzu Co. Chromatopac C-R6A).
A modified Shimadzu RF-535 FL detector was also used for FL detection in CE: capillary length of 65 cm (effective length 50 cm), applied voltage of 13 kV, λex = 325 nm, λem = 514 nm.
Results and Discussion
As a preliminary experiment, the CL peak heights of ANTS-, AHNS-, and ANA-labeled D-glucose were examined. ANTS sample showed the highest peak among them; the peak height of ANTS sample was about three times as high as ANA sample and ten times as high as AHNS sample. ANTS was used as a labeling reagent in this study.
The sample which was prepared by adding a large excess of D-glucose to a definite amount of ANTS (0.02 M) was subjected to CL-FL detector; only the single peak due to ANTSlabeled D-glucose was observed and the peak of free ANTS did not appear. This meant that the concentration of the observed peak of ANTS-labeled D-glucose was exactly 0.02 M. As mentioned above, for sample preparation the various concentrations of saccharides were reacted with an excess of ANTS. The peak heights obtained thus were compared with that of ANTS-labeled D-glucose (0.02 M) in order to examine the labeling efficiency of saccharide for an excess ANTS. The efficiency was calculated to be more than 80% in 1 × 10 -6 -5 × 10 -4 M D-glucose concentration.
The calibration curve of ANTS-labeled D-glucose was examined; it was determined over the range of 1 × 10 -6 -5 × 10 -4 M (correlation coefficient, 0.999) with the detection limit of 10 fmol (S/N = 3). The CE-CL detector was about 10 times as sensitive as the CE-FL detector. The relative standard deviation of the present method including the labeling process was within 6%.
A mixture of D-maltose (disaccharide), D-glucose (hexose), Dxylose (pentose), and D-erythlose (tetrose) was subjected to the CE-CL detector. Each concentration of saccharide was 5 × 10 -6 M (each absolute amount was 50 fmol); this concentration was never detected by the FL detector.
The obtained electropherogram is shown in Fig. 1 . D-Maltose, D-glucose, Dxylose, D-erythlose, and free ANTS were completely separated and detected in this order. All of the labeled saccharides have three sulfonic acid groups and one secondary amino group in their molecules.
Under the condition of pH 9, the electrophoretic mobilities of the labeled saccharides turn toward the capillary inlet due to the negative charge; the mobilities of D-maltose, D-glucose, D-xylose, D-erythlose, and ANTS increase in this order due to the ratios of charge to mass. As shown in Fig. 1 , all the labeled saccharides migrated to the capillary outlet by electroosmotic flow which was larger than electrophoretic mobility. That is, the magnitude of electrophoretic mobility toward the inlet was ANTS > D-erythlose > D-xylose > Dglucose > D-maltose and electroosmotic flow to the outlet was larger than electrophoretic mobility. When we considered the above phenomena, we concluded that the migration order on the electropherogram (D-maltose > D-glucose > D-xylose > Derythlose > ANTS) was reasonable well.
We also examined a mixture of D-glucose and D-mannose; the electropherogram is shown in Fig. 2 . We could recognize each peak due to the monosaccharide, but the baseline separation was not possible under the present conditions. In summary, the capillary electrophoresis with chemiluminescence detector using peroxyoxalate reagent was applied to analysis of dyestuff-labeled saccharide. A mixture of D-maltose, D-glucose, D-xylose, and D-erythlose as a model sample was successfully separated and detected in this order. The labeled D-glucose was determined over the range of 1 × 10 -6 -5 × 10 -4 M. The detection limit of D-glucose (10 fmol) available by CL detector was about 10 times as sensitive as that available by FL detector.
710
ANALYTICAL SCIENCES JUNE 2002, VOL. 18 
